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mm 2 0 0 4 -0 0 7 5 9 9 : 1/ 

[if i ] 

V - *f%ttfr h ffi fcafc^MR© V - if* £ * MKfrK Alt L T^itt KMfcspw ±.X~— 
% 7&*— gc-f * J: o K Alt U - © 3teWte3Efl#-C l±3fMittSl3fc^ h £ 

. ^tCfr|BM*T-*+4 5Jg^lll»LTli:ifL«i±ltO4it*±^SnL^^^tM0 (M0>M 
) J: 9 

^^^^?ILtfV^»fLmBEtf-<7)'f6^^^/h$V^/isMmn (Mm 1 >Mm 2 >— >Mm 
n) KfcS «t -9 »' t> 

(Mxl>Mxm) H&Si^iCL, 

0 2Ol/4^S«^IU®it->2>* 1 ^J: ±81 J tUl <01/4«*yKtf>£ttHfc*ift£ 
J: 9 LT, ItrfBMSffitt-Ott^M^LTft/hMx 1 m (Mx 1 >Mx 1 m) 

*&K^^£HK+4 5J£[3IS$-£S£i:K<fc «? . -eo±$4S 4: flrSBtfcJfc^O^tt S 
2 fc WftUtt L T mSBSCiSEWJEtf-Offi^li JJD L f:l*I^«f £ & x 1 m ( x 1 m > 
Mx 1 m) KfcS «fc 9 U 

1 sriitaEWBEW-xiwitBS^ a* u - <D^m^ximm&mm%m^ 
*M^Lxm'W%kmmmzAt)L, z<Dm^mmmmxi±mmm^r-?*£L)&L, yuz 
na&mKDi/m&Mt m 2 wi/4$sit (om^^m-z^m LxmmmMmyt®.* 

-^(vmwmy* vtj ?xbimmm%m^*^&Lxmmnm, ; mmmv s 

miBifipglf^At) U 
2 ] 

m $ tixmfemm&'vummitft' rm* * x&mm ^mt-r wM%ys& ^ -t % it 
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mm ytjt? ? l fzmmm%m^- ^xtiLxmrnLfz mu & m^-t & urn 
mmnt, ts7* yt* ^x^Lfzmmmmm^ZAtiLxm^ir&Mmw-tz 

mmwtomzmMLtzmfcmM o (mo >m) x $ kwbbm. u 

. ? * h r-i t ? 9 < mmummit^m^^^tx, «rEiaaE«jEtt-o«*»«/hMm 

1 J: K L, 

LT, fiHBie«G*JEtI-tf>« ^IC^$*Tf/hMm2 J: 9 £*L&Ojfcfls* 

#^^L^fV>ii:^LmJEft04t^ s ^^/jN$V^«/hMmn (Mml >Mm 2 > — >Mmn) 

i©iioi/4 fcR« +4 5 jkk mis l xmtm&tfoiu^muvi t fcBf j&him x i 

(Mxl>Mxm) l^^i^CtSL, B.oiOi(S101/4afeft«»±WIB*WttS5P» 

mriB0 201/4 - osna-t * a:anB3fe;&*Ait$ *l-c £ o^io 1/4 

•Mffift^t^M^ LTf/hM x 1 m (M x 1 >M x 1 m) S:U 
*Lf«riaiKa*JEEW-0'ltJ&«JiJinLfex lm (xlm>Mxlm) ©asM&flrefcfc* 

Jfc L > -^^ifffB^lO 1/4 i: ft 2 CO 1 / 4 f&M t<DW\ t***ftaE»W*Kit 

[tf« 3 1 

[WM4] 

Jfeo^^**Hf LTtB^L, ^^iSM^^^Wtt^p^^AitLT 

F^Wm-effiM^:^ P3«*4 tc^-t * ffi* L. 
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£ <omimi£WL*m&i*mie> 1 / 4 201/4 McAititii t 

U 

& hu iB0 1 01/4 wl&m t m 2 co 1 / 4 s«s t o n k «^fc«fl- * mm l t mi a^e 
ffij&***ijn l fcBffe'fitM 0 (m 0 >m) k%:z> £7 izmmw l, 

&c&;g> X o K L, 

>9^L#v^1frIB^tBL7tM^^tc/h$v^/jNMmn (Mm 1 >Mm2 >— >Mmn) 

TttrfE&l l/4rM**HI»-r^*^i <9 ^-OiWitBulB'dTfeT-cDiitt^ffijS gt 
J; 9 CU, TtufBI££B L/cffWLtf/hMxmC^JJ; 9 K^JKEUfctS:^ 

L> 

t <vm 1 CO 1 / 4 +4 5 jKtUHe L-cffrfB^ffi Ltzmt^taLfzWr^MM x 

1 (Mxl>Mxm) i 9 KlfcjeU J.O i co^ico 1 / 4 ?««{±miB^i?f 1« 

miB^ 201/4 i&ft«t± ^ (DMrn-rzummyttfAMz at c comco 1 / 4 
k i &w.mstfte>mm *n%ffi-t x^^, t»i2«i/4 mm-r x^^ 

*L/cif^l^LTf/hMx 1 m (Mx 1 >Mx 1 m) fcU 

* L T huIB^HJ L fcM^*i*P Lfcxlm (xlm>Mxlm) O^m^M^ Ci&i 

ico i / 4 & 2 co i / 4 mMM. t<om \zmk&$m * mm t xmmwtmm^ % 

^coBfHufB^^ ff^ t-^ ^"eti^Mm^f^-^lil^LrtirfBiiiliStl^AtJ L 
. icoigi|(i^(±miB®^^M-^^Jii|'SLT-iflB«-^M^*^A^ LJtjSfltT*-^ 

jp&js $ *u ^omitrfB«-^^a^«t±ttrfB*m«-f-7 s - ni (D&mm^r- rtzit 

icLT, -iufB^»»coS*^^L, 

tajsa^T* - ^ftftittcj:^ - ©isfff- ^ HfriBa^ncofMM t zmmm 
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[0 0 0 1 ] 

iff feffi^M^s tf©^it:it-?»o ^sai^if * if & if & 

[0002] 

^mm %t*<D ^m<oBi & # ^ ^ m wm it#KcioTv^o -e tz t> mxn 

n n n ®^$>^, 0 M^^^^K^-^. V *-^*m$L-f -ZStttislf ^.se^jo^tt 
[0 0 0 3] 

^x;^f,f;^Xf 7 ySrjKj®i"S-/n-tr^t?700° C^JK~ 1 000° CJK 

aw<^„ ffifflo:feje>t= ^^<o»^/vi$fj£7j ucrss ; 

critical resolved shear stress) (±3F L < ^Tt^o c\<Dt%^ f&fcjj tm^BJlOM. 
S^tfCRSS Srjea-rtt»f % ^iHti^Hil-^ «5 (crystal 

gliding, translation gliding) £f»T&o £ <0 & 0 ^Sft* ^ . x^O^)E* 
* t? § & rt* ttfe < Ml x. -S jftS^Jfc £ C s&**? & £ o 
^f#-?x;\©- j|£W35r»«^n-fe^T?t±, ^Va^Si OTtSi) ^i^^li, ± 

[0 0 0 4] 
[0 0 0 5] 

V > v * JB v» £ ;£ft ( -7 V > vfe) fc 7V>^ffl^ v^-ft (-9- y • y V > v ft 

7 v >^ftt±. t^^^*i-sj£^^#:«*^»fl&»wffii«-*-*»^jcaLfe^rft"e^ 
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LederhandlerliCZv* (Czochralski technique ; 51 iiTO<0— ft) -CWj&£*LfcSi-f > 

M L X v> a i fc 4- ftA Ltv^ (« x. (i\ iMtlr^m 1 #1. ) o 

[##H%£ftK 1 ] S.R. Lederhandler, Infrared Studies of Birefringence inSilic 
on, J.Appl. Phys. ,30-11 (1959), 16311638. 
[0 0 0 6] 

fee?**** (1?!)xJ£\ ^#I^K2~6#BSo ) o 

I##^iK2] K.Date, Stress Measurement with High Sensitivity in Wafer Us 
inglnfraredPhotoelasticity, Proc. of Advanced in Elec.Pack. , Vol. 2 (1992), 98 
5-989. 

[##fp^tffi^3] R.O.Denicola and R.N.Tauber, Effect of Growth Parameters the 
Residual Stress and Dislocation Density of Czochralski -Grown Silicon Crys 

tal, J. Appl.Phys. , 42-11 (1971), 4262-4270. 
[WQ&ffr~XW. 4 ] P. Dobrilla and J. S. Blakemore, Optical mapping of residual 
stress in Czochralski grown GaAs, Appl. Phys. Lett., 48(19) (1986), 1303-130 

5. 

[##ft\£$R 5 ] G. Qin, H. Liang, S. Zhao and H.Yin, Measurement of Stresses 
in Silicon Wafer with Infrared PhotoelasticMethod, Chin. J. Infrared and 
Millimeter Waves, 7(2) (1987), 139-144. 
[^#lft!l6] M.Yamada, M. Fukuzawa, N. Kimura, K. Kaminakaand M. Yokogawa 
Quantitative photoelasticcharacterization of residual strain and its cor 
relation with dislocationdensity profile in semi-insulating LEC-grown GaAsw 
afers, Proc. 7th Conf. on Semi -insulating III-V Materials, Ixtapa, mexico, 
(1992), 201210. 
[0 0 0 7] 

^mm-fr^lr&J&tjZmfelr&m&Ktextf v h-@0/.h$ \» V— 9* £ffiv>Tpoint-by-p 
ointOSte^^f 9 it^jr^o 
[0 0 0 8] 

M/U4\ ^fff^^lftW^^^^M^f^^MCii, XY^x- v-e>>^/N 
* 0 > # * <DB2)WM £ $te L> £ <b £ # £ & o 

iot7- 7'J >vfe^/hStJO^^i!I^b7t^tw{i, ^oko^tf e»fL*o 
Clayton^ f±> iS^OillJ^^^^fl-^llfSSf^^^^ £ Scanning biref ringencemapp 
ingsystem& MZk L > LECffi*CWtft $ frfcGaAs •> l/^©^l^:>^) * W Ltv^ (#Il x. f£\ 
*!|lrit7#Io ) o 

[##tt\£ffi£7] R.D. Clayton, I. C. Bassignana, D.A. Macquistan and C. J. Mi 
ner, Scanning birefringence mappingof semi-insulating GaAs wafers, Semi-in 
sulating III-V Materials, Ixtapa, mexico, (1992), 211216 
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[0 0 0 9] 

Yamada(±. Oiltel 3 H2o©^^ (filSfrf 5 & J: OtfeMS^ 10)0 |a|4E&fl£& 
t i - ^) Computer-control ledinf rared polar i scoped Hfl^ L> LECv£"CW$; $ ^L/tGaAs 

IW^W^CM-S] M.Yamada, High-sensitivitycomputer-control led infrared polar 
iscope, Rev.Sci. Instrum. , 647 (1993) , 1815-1821. 
[0 0 10] 

Liang^. myt^-l 0*Htl^ia«E§**^OiaaMi3t»*BHI&L, Si?J^K;&tf 

[#N#ff-;£fi£ 9 ] H. Liang, S. Zhao and K. Chin, A new method of determining t 
he stressstate in microelectronic materials, Meas. Sci Technol., 7 (1996), 

102-105. 
[0011] 

CLm 0 Liangs {± N WJBXS5rifT?«|jfe$tt*5HajE&**56*fi9tP^ ^Jfo&SS 
il^B*^ KM ytrtiTePla AG JenaOffice (H*ftIlS I Ifc&^rtt T4 * y 

[0 0 12] 

?fr L fcfll \*9h < , — JK W ttff $ mmm<7)«o|g B H H fc*J"t & BJj Mfetm^X* * o 

o 

tfz, Liang^»Yamada<59^tt{±v>i*tL^^^O±tt^ii:#ttr2bi?, (/» WSE* 

tffiti^o — tS*o^:i$i±, ^«7ao^ip]hii:mM^;to^i-^^sv^z4 5jg<7) 

[0013] 

«^ J=ft ffl L T v » * Jfe ^ t± * ^ * » ?t ^ ^ # $ O * ^* l* * » o 7t * * « o 
[0014] 

TePla AG Jena Of f ice*fc<7)SIRD«f^ ^^©^tWmmafc «9 # g 

m § <o jtwnmmmw * Mft Lm £ 6 00 M mmm <o^mw v^oibd m kj&#j l tz 

ifl, m & S £Ufe3£C *K ^SLt Steffi? o «JStt *f&»t? # * o -c 
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mm * mm-r %>tzz> <D^m 

[0 0 15] 

%tt * *f»^t- mm l r bu1b««i km & oijs±« s t «fiBiejisi3EP«3fciftoig»^ 

fp]F *lft^$^|Bli:«*ffiff^-t"i|[*«*/hMt** i •^tCHufBil^:T-^ + 

4 5JgElc0»L , rit:aEmEEtt-O«*«taL/i9f564IMO (MOM) fcfcfcidKUIir 

t> miB-7 * YT<iT?*\zj&< Mmnmmm&i*m.'>^x, mtmmfomm 

/hMmlt&ii^U #CK. i fliraBfil36 : =FS:Hafri-**t= J: 0^-0^*1 S fclft^o^ 

I) i9l'L> itte>O»#^MO^MTV^ii:^maftOlS^0^/>$V^/jNMm n (M 
ml >Mm2 >— >Mmn) K&&J:?KU tfrEjte#teg£PS*HBfr1-&*t' «t •? ^ 
3E|*W fc mTM^^^f* S t Jt^KLt, fjfBit-Ml±ft^^^*/hM x 

9 fc: L> iOTBIil 1 01/4StS«Sr|5IS||-J-**lc X *) ^r<D^.mu tmt^it^^BE 
m S t & — Sc $«idKLT, lulBigi/f mEEftOlit^M^ L r «/>M xmC44J:^: 
U m 1 <D1/WMWL* +4 5 JKtcHfE LTit-MJiltOjil^iiJn LfcBrJ&fitM x 

1 (Mxl>Mxm) iZte&ZoKL, m2m/m&U*mW}-f2>^z2:Y)^;<D$.m] 

/hMxlm (Mxl>Mxlm) l^^i^CL, fc&fcfc^ffcHK^ 5 JK@*k$"# 
^;H:J;^ S fctfrfBKbfe^O^* S2i: j&*fcjft*:£- L-CHulBMmffift^jit 

^2fflLfc*iM*MB-9-fc*<& x 1 m (xlm>Mxlm) t:*SJ:^:t> i«l 

^-^is^mffift^^iiti^A^ l> i ©JiiB=»-et±KriB«J(sm$c«-^*Jiift Lxm 

•f-gfcSSItfcA^U ico^^a^g-eti^m^r-*-^ fc&J&U •^^lulB^lOl/ 

m&M tm2<o i/m&WL torn Lxmmmmit%L*MM $ * 
$ *u -e- ^itr ib^m f-^^ ©sift ■y- * t * l -c , 

[0 0 16] 

\&t>-tz> itmmm^ t . ^ ©asp«*&***# ^ am $ *t * « 1 ^ i/4v&s« 
n^-r * 7 * Frvf^n, mtB^io i/4«[*« 2 ^ l/m-mu t <d m \z#*£& 
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%m7F-f&ummmft, mmy* vr-< 7-9 9x^LtzmmmMm-^^xtiLxmm 

$ *tu IBie»fEmJ±ft^1-4it^«/hM l^^J:^: SB ft L . -e cDfrtu fBll?^ £ +4 5 ;8 
tcIlt|jLTmi5iS»iLmi±ft^'ft^li*nL7^^^itM0 (MOM) K t-SBBISL 

. mtm^tT-^mm-r^m^x v^iD^mtmzijiyt^tD^mtit-mjczit&xdfcLx 

. 7 * h 7* ^ r- ^ 9 \~m < iuiei£M^;v&^^$-€:T, TiuIBlt^mffiHt<^ttf ? «:/hMm 

H:3££« J; 9 iat> #IBM«l±Itco<il^M^«^$^T«/hMm2 

N Cl^^O^ls^^^^t^TV^lgitmffiBtO^^^^/h^V^/hMmn (Mm 1 >Mm 

2>->Mmn) «fc d K - tL^'d^HF fctft^fc <7>^@e«£f£5e U TtufB^ftt 

x, -mmw. : Mmmfco^^bMx^^^ x 7 KfimmwzwtfcL, mmmioi/mM 

iBE^mEEtt^t^M^LT^/jNMxm^^^, x o Kftmnm^w^L, zomio 1 / 
4 m^u^ +i 5 m^m$iLxmMmj±wf^)immmLfzm^m.Mx 1 (Mx 1 >Mxm 
) izte&xdizmfeL, &<iz<Dmi^i/4^mmmytw&m^frbmtizixfzm 

mm-fz tii^^Ait ^tixz.(Dm^i / a & w 1:1* hem^ o si m * *r *> m -t 

1 m (Mx 1 >Mx 1 m) K U M^^Kl' +4 5 Jg[H$g$ii:^ £ t KX *) , ^OBEtt 

t mttk3b^<D^mt&ftm*^LxmmiM.mmj±m-<vmn*MLfzx im (x im>M 
x i m) <Dmmn%m j ^^ts:& x n icwbfeu mmmm^xmm ^^fz&mmnm-^^ a 

# LTfufB'ff-f-^ta^e-eti^jf-^T"-^ £*feJ&U ^^tufB^lco 1 / 4«*t^ 
2©l/4 t (O m Sr MBS L T hu IB^HMM £ Si® $ <9 0# bu IB 

7*>t*^ -r* 9xi±mmm%m^*^&Lxmmmm^\ti u >ioiii§fi-etiBui3 
# 3 <D§m x a , m i b 7* vr4T99i±, mm izai) t i&mw * & fi» 

[0 0 17] 
[0 0 18] 

t *mMKmfr&mmmzmmA^wxi±m$m^^tzisb^ wmmmo^^t 
^ xmM^mm<7)\t]±iz^m^mmii^^o Ltz^^x, m^xm^oM^m^mm 
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[0019] 

?Ite^g-r\ fl£3fet±7* h/^ WBrtl"C*o7tff$ 6 00^nifMjgOSii3 «£ tfGaAs >7 CD 
i:ttJS$fOB5«*^T*ffe*ftI^,feWe>*i-^: 0 rfrfl£tf>J¥$ 6 OO/zmCDGaAs^/MC 

3£ gytm?- & &m L iSS. i:«otii:j:D, (f&$£^ "C 5Mt * § & ) $« 5eSJ^ is «fc 
[0 0 2 0] 

m^^^^mmR^Mm^ nv^77^ - (hplo \zx*> x^-m £ tifcwst 
[0021] 

V^TV-fjfcI2a, i£S$EHl 7 0 nm^fb 2 6 0 0 n m WU-fjfeRt 

I'-lfSfeSt (He-Ne Laser) 2 t> P t±, 3^-^-1/^X3, iUSt' 
>X4^i^, 1^5, PEM6 (Photo elastic 

Modulator : 1«PIf£) , ilOl/4 ^««Q K f2©l/4 ^ft«Q 2 , ifcbfrj- 1 
0, 7 * Y 7*4 7-9 $ 1 1 ^PM-f^o 

^^*3Ellflftfe8fc£tli:fr t4o H2^^-f3EPiHm»fflJl 5 fiP E M 6 <D^M £ MM L . ^ 
[0 0 2 2] 

yyzti^ tti^ix, ifistemEEtt i2to-;M> 

7 ^"7° (Lock- in Amp) 1 3 (C#^^L£ 0 

x x/nmrnm 7 mm& htt&o xii^mmj±m^-^mm • u 

Ktf1" 7tn ^/«jr» v * 16K3I»), 7tn ^ffiM -^rifiT V 9 Ka^fe $ 

[0 0 2 3] 

$il.&o 
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[0 0 2 4] 

■ ftfctfcfl-O^MMfc? 1 fi> &1<£> 1 / 4 y&MQ 1 tjg 2 <7) 1 / 

0io 1/4$&JMRQ1 fc^2 o l / 4&MQ2 ^|i:*So 

^ - « r (4 0 i -e^-r j: -5 \~m x. tfM^ifi] f j&fr(D jkdu%"? & *k v- *?im 2 

[0 0 2 5] 
[0 0 2 6] 

V >X 4 J±H2»w^i- i 9 fct&lO 1/4 SIftQ ltf2<7)l/4 vfcfiMKQ2 CD Fa! 
[0 0 2 7] 

pem6 tiu— 9*jtR*3ta§**^*i^i^w*^rL, PEM$o«fi5i 5 ^e>ep;!ra£^&^ 

PJS8£&{±'fll;lt£4 2kHzt\ £*U±P EMKj5^£^TV>&#&#ffi|£,p H 0*MSIM£=fc 
«5&5£S*l;& 0 PEM 6 fflL/:V-f^Rlitra^flttV^ 0 

mi<Dl/4 ifc&UQ U»2?)l/4 $tMQ 2fclil/- *f ft R *ata $ * & ±1 A 
[pjfc J t**ti*?timL. 1/4K«U Q2 0*ail*t**5Jt4fi:ffi^lR3U±+- 
0. 5%-C*»K Ifeft^l 0i£V-^'ftR£il®$*&£tt;fr|p]S 2 o 
[0 0 2 8] 

7^f^f^^ll tttfcft^ 1 0 L V - *f ft R <D3ilJ*t fc*tJS L *«£ 

1-*o ££"CPEM6 h^PSUtMl 5 httttfrttCWIfnti^ £ eDffcWTNiM 

hf^f^i i tt, ilia >9 mmtmm^fm^-^mum^-^mmm 

[0 0 2 9] 
[ 0 0 3 0] 

tfXf ?7"im ^it©l/-«2, PEl^ 7* ff^f ^^1 K til 

J±fit 1 2 „ Lock- in Amp 1 3 251 O^V 3 > 1 / 4 . 1 5 . f-^Mit©^ 

?i t , £ ^cfeMt t -r & tz &> k mm m m a i%x & < 0 

[0 0 3 1 ] 
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>XK, ^E*i^(:-3V>t, # ^«^*T-of^ • KS^^m 1 tmz *m 

$ -f y TV? I -C{±> <£ilg£> V -^f^fM 2, PEM6, 7 * Ff^f^ 1 1, ifi^m 
ffift 1 2 , Lock- in Amp 1 3 l^^'V 3 y 1 4 , ^lUfU^flS 1 5 % f-^WI^II 

[0 0 3 2] 

& v . l £m5n<it-^ s MmKff 1 2 Km h tt, mmu t L fy ^ ;v ^ - 

[0 0 3 3] 

^i±$lil7j ft S t £il:3c$« 4 0 tit, 7^fVr^llCS< V-*fJtR%m 
jtsllEttl 2 04t^«/hM^^^> 4 n Klr&o <7)±|Arjf6]S tfc 

^He -Ne V - if* R Oiglfr 7j ft F £ $ * & o 

B#^^HHe-NeI^-+P7teR cO»^|tQF tM? 5 ^±$4^1^ S ^<£K-£jt£« £ 
[0 0 3 4] 

y T v -f 5 "C i4 > m»tL±i flit? (Lock - in Amp) 1 3 <D * - h Auto - Set * > t fi^Pha 
se-Set*^ >^#LTtJfi|fti-^o 
&43^ Lock— in 

Amp 1 3 <7>fijl§ Sr^V n > 1 4 Lf 9 ^ t^Xi* %> a sZ<7)i^it, Lock- in Amp 

l 3 fc^y n y l 4 i*i coy y h ^xTt-ftotLJ ^Mt4^o 
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